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(54) Wavelength division multiplexing light transmitting system 



(57) A wavelength division multiplexing light trans- 
mitting system which can monitor its transmission line. 
One light among the signal lights to be wavelength mul- 
tiplexed is defined as an optical fibre transmission line 
monitor light. A transmitter multiplexes and transmits the 
monitor light with the other signal lights. These lights are 



attenuated and introduced to the other transmission line 
at return circuits 12. A receiver branches the returned 
lights, selects the monitor light and detect a condition of 
the transmission line by correlation processing. The sys- 
tem extremely improves a SNR and a detection time of 
the monitor signal. 



Fig.2. 
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Description 

The present invention relates to a system and a 
method of monitoring a condition of an optical fibre 
transmission line in a wavelength division multiplexing s 
light transmitting system for multiplexing and transmit- 
ting signal light having different wavelengths. 

In a light transmitting system, a signal light may be 
attenuated or cut off, in an optical fibre transmission line 
and in a light amplifying repeater for various reasons. It i<> 
is, therefore, necessary to monitor a condition of the light 
transmission line in order to operate the system in an 
effective manner. 

Japanese Laid-Open Patent Application No. 
5-344067 describes the following light transmission line is 
monitoring method. 

In an up optical fibre transmission line (to be re- 
ferred to as an, "up line" hereinafter), a signal light hav- 
ing a wavelength of M is output from a transmitter for 
the up line and transmitted to a receiver for the up line. 20 
In a receiver for the up line, the signal light is amplified 
by a light amplifier, and received by a light receiving sec- 
tion through a band pass optical filter. 

Here, a monitor signal on the optical fibre transmis- 
sion line is superimposed on the signal light by modula- 25 
tion in the transmitter for the up line. The signal light with 
the monitor signal is introduced into a down optical fibre 
transmission line (to be referred to as "down line" here- 
inafter) through a light returning circuit including a light 
attenuator, and is transmitted to a receiver for the down 30 
line. 

The monitor signals arrive at different times at the 
receiver for the down line for each returning circuit. 
Thus, they can be separated by delaying the modulated 
signal and evaluating a correlation with the monitor sig- 35 
nals arriving at the receiver. Accordingly, it is possible 
to convert a detected monitor signal and to evaluate a 
correlation with a predetermined standard signal to 
thereby monitor a loss on the light transmission line be- 
tween respective repeater intervals. 40 

A wavelength division multiplexing light transmis- 
sion method is similarly carried out. In this case, the 
monitor signal is superimposed on at least one multi- 
plexed signal light by modulation. 

In the light transmitting system, the monitor signal 45 
is superimposed on the signal light by modulation. Thus, 
when carrying out the monitoring operation at a time 
when the system is in service, the modulating ratio must 
be reduced to a low level in order to prevent deteriora- 
tion of the main signal. On the other hand, a signal- so 
noise-ratio (SNR) of the monitor signal is proportional to 
a square of the modulation ratio. In a case of a low mod- 
ulation ratio, this results in a problem, because the SNR 
of the monitor signal is not sufficient. 

When the signal light on which the monitor signal is ss 
superimposed by modulation is introduced into the other 
light transmission line through the light returning circuit, 
the signal light is sufficiently attenuated in order to pre- 
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vent the deterioration of the signal light on the light trans- 
mission line. In this case, a long time is needed to per- 
form a correlation detection in the receiver in order to 
detect the attenuated monitor signal. This results in a 
problem that a trouble point on the light transmission line 
cannot be promptly specified. 

Furthermore, the receiver for the down line, which 
receives the signal light on which the monitor signal is 
superimposed, simultaneously receives the signal light 
transmitted from a transmitter for the down line. Thus, if 
both transmitters for the up line and for the down line 
transmit the monitor signals at the same time, both re- 
ceivers for the up line and for the down line receive the 
signal lights on which the monitor signals transmitted 
from the respective transmitters are superimposed. 
Therefore, monitoring the optical fibre transmission line 
becomes impossible. For this reason, in the convention- 
al light transmission line monitoring method, both the 
transmitting and receiving stations having a transmitter 
and a receiver must alternatively carry out the monitor- 
ing operation, respectively. Since it takes a long time to 
detect the monitor signal, for example, there may be a 
possibility that each station may only carry out only one 
monitoring operation per day. 

Features of a light transmission line monitoring 
method and a wavelength multiplexing light transmitting 
system therefor, to be described below by way of exam- 
ple in illustration of the invention, are that they minimise 
the above mentioned problems, largely improve the 
SNR of the monitor signal, and sufficiently shorten the 
detection time of the monitor signal, whereby two sta- 
tions can individually and simultaneously monitor the 
light transmitting line. 

A wavelength division multiplexing light transmitting 
system to be described below, by way of example in il- 
lustration of the present invention includes a local sta- 
tion having a transmitter and a receiver, a remote station 
having a transmitter and a receiver, an up optical fibre 
transmission line connecting the local station and the 
remote station, a down optical fibre transmission line 
connecting the local station and the remote station, at 
least one light returning circuit which returns at least a 
portion of light from the up optical fibre transmission line 
to the down optical fibre transmission line and at least 
one light returning circuit which returns at least a portion 
of light from the down optical fibre transmission line to 
the up optical fibre transmission line. In the system, the 
local station and the remote station each include a mon- 
itor signal multiplexer and a monitor signal demultiplex- 
er. The multiplexer multiplexes and the demultiplexer 
demultiplexes, respectively, the monitor signal with at 
least one signal light. 

A method of monitoring a light transmission line to 
be described below by way of example, in illustration of 
the invention includes the steps of multiplexing a moni- 
tor light with a signal light and transmitting the multi- 
plexed light, attenuating the light from one optical trans- 
mission line and introducing attenuated light into the oth- 
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er optical fibre transmission line and receiving the atten- 
uated light and selecting the monitor light. Thereby, the 
monitoring of the transmission line can be carried out 
promptly and its SNR can be improved. 

The following description and drawings disclose a s 
previously proposed system and, by way of example, a 
system and method illustrative of the present invention 
which is characterised in the appended claims, whose 
terms determine the extent of the protection conferred 
hereby. to 

In the drawings:- 

Fig. 1 is a block schematic diagram showing a pre- 
viously proposed light transmitting system, and 
Fig. 2 is a block schematic diagram showing an em- is 
bodiment of a wavelength division multiplexing light 
transmitting system illustrative of the present inven- 
tion. 

To understand better the present invention, a brief so 
reference will be made to a previously proposed light 
transmitting system, shown in Fig. 1. In an up optical 
fibre transmission line, a signal light 6 having a wave- 
length of X1 output from a signal light source 5 is ampli- 
fied by a light amplifier 31 in a transmitter for the up line 2& 
1A, and transmitted to a receiver for the up line 2A 
through an optical fibre transmission line 3 and a light 
amplifying repeater 4. In the receiver for the up line 2A, 
the signal light 6 is amplified by a light amplifier 32, and 
is received by a light receiving section 1 1 through a band 30 
pass optical filter 10. 

A monitor signal on the optical fibre transmission 
line is superimposed on the signal light 6 by modulation 
in the signal light source 5 in the transmitter for the up 
line 1A. The monitor signal is introduced into a down 35 
optical fibre transmission line through a light returning 
circuit 12 comprising light couplers 13, 14 and a light 
attenuator 15, and transmitted to a light receiving sec- 
tion 28 in a receiver for the down line 2B. The monitor 
signal arrives at a different time at the receiver for the 40 
down line 2B on the down light transmission line for each 
returning circuit 1 2. Thus, it can be separated by delay- 
ing the modulation signal and by evaluating a correlation 
with the monitor signal arriving at the receiver for the 
down line 2b. Accordingly, it is possible to convert a de- 45 
tected monitor signal and to evaluate a correlation with 
a predetermined standard signal to thereby monitor a 
loss on the light transmission line between respective 
repeater intervals. 

Referring to Fig. 2, a wavelength division multiplex- so 
ing light transmitting system and a light transmission line 
monitoring method illustrative of the present invention 
are shown. 

In Fig. 2, elements which are similar to correspond- 
ing elements shown in Fig. 1 will be designated with like 55 
reference numerals. 

Fig. 2 shows an example in which lights having two 
wavelengths that are different from each other are am- 
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plified and transmitted by one unit of a light amplifying 
repeater. 

In an up light transmitting system, signal light sourc- 
es 5 and 24 in a transmitter for the up line 1 A output light 
signals having wavelengths of X1 and X2 that are differ- 
ent in wavelength from each other. These light signals 
are multiplexed by a coupler 7, amplified by a light am- 
plifier 31 and input through a light returning circuit 12 to 
an up optical fibre transmission line 3. This light return- 
ing circuit 1 2 is disposed in the transmitter for the up line 
1 A and in the receiver for the down line 2B in one trans- 
mitting and receiving station. The transmitter for the up 
line 1 A and the receiver for the down line 2B collectively 
form a transmitting and receiving station. The light re- 
turning circuit 1 2 has a light coupler 1 3, a light attenuator 
15 and a light coupler 14, and attenuates a light signal 
on the down optical fibre transmitting line to thereby in- 
troduce it into the up optical fibre transmission line. 

A light amplifying repeater 4 includes two light re- 
turning circuits 12 in addition to a light amplifier 8. The 
light returning circuits 12 attenuates the respective light 
signals and introduces them into the other optical fibre 
transmission line. When the light signals arrive at the 
receiver for the up line 2A, they are amplified by a light 
amplifier 32, passed through the light returning circuit 
12, branched by a coupler 9, and received by the receiv- 
ing sections 11 and 27 through band pass light filters 10 
and 30. 

The light receiving sections 11 and 27 receive the 
light signals having the wavelengths of M and X2 which 
are transmitted from a transmitter for a down line 1 B and 
introduced through the light returning circuit 12 into the 
up line, in addition to the light signals having the wave- 
lengths of \1 and X2 transmitted from the transmitter 
from the up line 1 A. This is similarly carried out in light 
receiving sections 28 and 29 in the receiver for the down 
line 2B. 

The light having the wavelength of X2 is defined as 
a monitor light. The light signal having the wavelength 
of X1 and the monitor light having the wavelength of X2 
that are multiplexed in the transmitter for the up line 1 A 
are attenuated by the two units of the light returning cir- 
cuits 12, and introduced into the down line. These light 
signals arrive at the receiver for the down line 2B, and 
are amplified by the light amplifier 32, and branched by 
the coupler 9. Then, the light having the wavelength of 
X2 is passed through the band pass light filter 30 and 
received by the light receiving section 29. After the light 
having the wavelength of X2 is received, it is converted 
into an electric signal, and the strength thereof is meas- 
ured by correlation processing and the condition (gain) 
of the light transmission line is determined. The monitor 
light signals having the wavelength of are returned 
from the light returning circuits 12 located at the light 
amplifying repeater 4 and the other transmitting and re- 
ceiving station, respectively. The receiver for the line 2A 
and the transmitter for the down line 1 B collectively form 
the other transmitting and receiving station. However, 
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since there is a difference between the time of transmis- 
sion and the time of receipt, it is possible to adjust this 
difference between the delayed times to thereby sepa- 
rate and simultaneously detect the two monitor light sig- 
nals. 

The receiver for the down line2B receives light sig- 
nals having the wavelengths of X1 and X2 transmitted 
from the transmitter for the down line 1 B, in addition to 
the light signals returned from the light returning circuits 
12. For this reason, when detecting the very small mon- 
itor light having the wavelength of X2, the strong or 
stronger light having the wavelength of 12 transmitted 
from the transmitter for the down line 1 B is removed as 
noise by correlation processing. The monitor light (X2) 
transmitted from the transmitter for the up line 1 A can 
have a modulation frequency different from that of the 
monitor light (M ) transmitted from the transmitter for the 
down line 1 B. 

It is possible to have more than two light returning 
circuits 12. For example, in a case in which the light re- 
turning circuits are arranged at every 200 to 300 units 
of the light amplifying repeater, it is possible to reduce 
the deterioration of the signal greatly. Thus, it is desira- 
ble that the light attenuated by the light returning circuit 
1 2 is attenuated to a value which is equal to or less than 
approximately 40 dB, for the light signals having the 
wavelengths of XI and X2 transmitted from the transmit- 
ter for the down line 1 B. 

The local station and the remote station can use, as 
the monitor light signals, wavelengths that are different 
from each other, and different from the wavelengths 
used in the wavelength multiplexing operation, respec- 
tively. In this case, both the stations are able to monitor 
the condition on the optical fibre transmission line at the 
same time. The wavelength used in the wavelength mul- 
tiplexing operation can also include more than three 
wavelengths. 

The location at which the light returning circuit 12 is 
arranged is not limited to within the light amplifying re- 
peater and to within the transmitting and receiving sta- 
tions at both ends in the light transmitting line. However, 
it is desirable to dispose the light returning circuits at the 
above mentioned places in view of the need to make 
easier apparatus maintenance and like considerations. 

In the above mentioned configuration, one wave- 
length only is assigned to the monitor signal. As a result, 
it is possible to transmit the monitor signal under a mod- 
ulation ratio of 100% and obtain a sufficient SNR. Fur- 
ther, it is possible to largely shorten the time required to 
demodulate the monitor signal. 

In the configuration shown in Fig. 2, the light signals 
having the two wavelengths of, for example, VI (1556 
nm) and X2 (1559 nm) respectively are output from the 
signal light sources 5, 24 which includes an InGaAs/lnP 
distribution feedback type semiconductor laser having 
a wavelength of 1.55 microns and a LiNb03 light mod- 
ulator for externally modulating an output from the laser 
in the transmitter for the up line 1 A. The light amplifiers 



31, 32 can use an 1.48 micron InGaAs/ln Fabry-Perot 
type semiconductor laser excitation erbium added opti- 
cal fibre amplifier. Also, the light amplifier 8 has a con- 
figuration similar to that of the above-mentioned light 

5 amplifiers. However, a repeater gain thereof is set to 
16.8 dBat a gain peak wavelength. The coupler 13, 14 
and the attenuator 1 5 constituting the light returning cir- 
cuit 1 2 are composed of a single mode type optical fibre 
coupler. The other light returning circuits 12 have a stm- 

10 ilar configuration. The optical fibre transmission line 3 
can use a dispersion shift type optical fibre having a 
mode field diameter of 8 microns (1558 nm), a wave- 
length dispersion value of 1 ps/nm/km (1 558 nm), a loss 
of 0.21 dB/km and a length of 80 km. The receiver for 

15 the up line 2A can be provided with band pass light filters 

10, 30 having transmission centre wavelengths of X^ 
(1 556 nm) and X2 (1 559 nm) and light receiving sections 

11, 27 having an InGaAs-PIN photo diode. The down 
light transmitting system has a configuration similar to 

20 the above-mentioned configuration. 

In order to compare the arrangement described 
above illustrative of the present invention with the pre- 
viously proposed method, the above mentioned respec- 
tive components were used, with both the attenuation 

25 values of the returned light signals set at approximately 
45 dB. With the light transmitting apparatus of Fig. 1 , the 
monitor signal was transmitted at a modulation ratio of 
approximately 5% when the system was in service. In 
this case, it took approximately four hours to integrate 

30 and demodulate the monitor signal. On the other hand, 
in the above mentioned configuration described with ref- 
erence to Fig. 2, it took approximately 30 seconds to 
obtain the same SNR. If the modulation time is made 
longer using the configuration described with reference 

35 to Fig. 2, it is possible to obtain a further improvement 
in the SNR. 

The scope of protection sought is not limited to the 
configuration of the above mentioned Fig. 2 embodi- 
ment. The optical fibre amplifier may be of another kind. 

40 The semi-conductor laser may be made of another ma- 
terial, such as GaAIAs/GaAs or the like, and also the 
other constituent elements described above are not lim- 
ited to those of the embodiment. 

As mentioned above, in the light transmission line 

45 monitoring method and the wavelength division multi- 
plexing light transmitting system described with refer- 
ence to Fig. 2, one special wavelength among a plurality 
of light signals to be multiplexed is used as the monitor 
signal. This is introduced, by multiplexing the monitor 

so signal with the signal light, into the other optical fibre 
transmission line, and returned to the receiver and de- 
tected. As a result, it is possible to improve the SNR of 
the monitor signal, and it is also possible to make the 
detection time of the monitor signal extremely short. 

55 While a particular embodiment has been described, 
by way of example in ill ustration of the present invention, 
it is to be understood that variations and modifications 
thereof, as well as other embodiments may be con- 
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ceived and madethat fall within the scope of the protec- 
tion sought by the appended claims. 

Claims 

1 . A wavelength division multiplexing light transmitting 
system including a local station having a transmitter 
and a receiver, a remote station having a transmitter 
and a receiver, an up optical fibre transmission line 
connecting the local station and the remote station, 
a down optical fibre transmission line connecting 
the local station and the remote station, at least one 
light returning circuit which returns at least a portion 
of the light from the up optical fibre transmission line 
to the down optical fibre transmission line, and at 
least one light returning circuit which returns at least 
a portion of the light from the down optical fibre 
transmission line to the up optical fibre transmission 
line, the local station and the remote station each 
including a monitor light multiplexer and a monitor 
light demultiplexer, the multiplexer and the demulti- 
plexer multiplexing and demultiplexing, respective- 
ly, the monitor light with at least one signal light. 

2. A wavelength division multiplexing light transmitting 
system as claimed in claim 1 , wherein the multiplex- 
er includes a coupler and the demultiplexer includes 
a coupler and at least one filter. 

3. A wavelength division multiplexing light transmitting 
system as claimed in claim 1 , including at least one 
light amplifying repeater disposed on the up and the 
down optical fibre transmission lines. 

4. A wavelength division multiplexing light transmitting 
system as claimed in claim 1 , wherein a plurality of 
light returning circuits is disposed in each of the up 
and down optical fibre transmission lines, at least 
one of the plurality of light returning circuits return- 
ing light from the up optical fibre transmission line 
to the down optical fibre transmission line and at 
least one of the plurality of light returning circuits 
returning light from the down optical fibre transmis- 
sion line to the up optical fibre transmission line. 

5. A wavelength division multiplexing light transmitting 
system as claimed in claim 3, wherein the at least 
one light returning circuit is located within at least 
one of the light amplifying repeater and of the local 
and remote stations. 

6. A wavelength division multiplexing light transmitting 
system as claimed in claim 1, wherein the monitor 
light transmitted from the local station has a wave- 
length which is different from a wavelength of the 
monitor light transmitted from the remote station. 



7. A wavelength division multiplexing light transmitting 
system as claimed in claim 1, wherein the monitor 
light transmitted from one of the local and of the re- 
mote stations is different in modulation frequency 

5 from the monitor light having the same wavelength 

transmitted from the other of the local and of the 
remote stations. 

8. A wavelength division multiplexing light transmitting 
10 system as claimed in claim 3, wherein the at least 

one light amplifying repeater includes two light re- 
turning circuits connected between the up and the 
down optical fibre transmission lines. 

is 9. A method of monitoring a light transmission line 
having an up optical fibre transmission line and a 
down optical fibre transmission line connecting a lo- 
cal and a remote station, including the steps of mul- 
tiplexing a monitor light with at least one signal light 

20 at each of the local and the remote stations, trans- 
mitting the light multiplexed at the local station from 
the local station to the remote station on the up op- 
tical fibre transmission line and transmitting the light 
multiplexed at the remote station from the remote 

25 station to the local station on the down optical fibre 
transmission line, attenuating the light from one of 
the up and down optical fibre transmission lines and 
introducing attenuated light into the other of the up 
and down optical fibre transmission lines, receiving 

30 the attenuated light, and selecting the monitor light 
at each of the local and remote stations. 

10. A light transmission line monitoring method as 
claimed in claim 9, wherein at the attenuating step, 

35 the multiplexed light is attenuated at a plurality of 
locations in the up optical fibre transmission line and 
introduced at a corresponding plurality of locations 
in the down optical fibre transmission line, the mul- 
tiplexed light also being attenuated at a plurality of 

40 locations in the down optical fibre transmission line 
and introduced at a corresponding plurality of loca- 
tions in the up optical fibre transmission line. 

11. A light transmission line monitoring method as 
45 claimed in claim 9, wherein the monitor light trans- 
mitted from one of the local and remote stations has 
a wavelength which is different from a wavelength 
of the monitor light transmitted from the other of the 
local and remote stations. 

so 

12. A light transmission line monitoring method as 
claimed in claim 9, wherein the monitor light trans- 
mitted from one of the local and remote stations is 
different in modulation frequency from the monitor 

55 light having the same wavelength transmitted from 
the other of the local and remote stations. 
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